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Introduction 36 Mortality and morbidity of neonates continue to be major problems in humans and animals, and 37 their most common disease is diarrhoea. Successful neonatal health depends on many factors 38 related to management and nutrition, but improvement of the immune system is required to 39 prevent diarrhoea. IgA is the most abundant Ig isotype in mucosal secretions and provides 40 protection against microbial antigens on mucosal surfaces (1) (2) (3) , and IgA antibodies produced from 41 IgA antibody-secreting cells (ASC) in intestines and mammary glands are secreted mainly as 42 dimers (1, 4) . Supplemental vitamin A and β-carotene enhance the immune system of neonates (5) (6) (7) (8) (9) , 43 and supplementation of vitamin A decreases diarrhoea and mortality in malnourished 44 children (10, 11) . In previous studies (12, 13) , β-carotene supplementation to maternal mice during 45 pregnancy and lactation increased the number of IgA ASC in mammary glands and ileum of 46 lactating mice and enhanced IgA transfer from maternal milk to neonatal mice. However, very 47 few IgA ASC were detected in jejunum and ileum of neonatal mice at 14 days of age and most 48 IgA in neonatal mice may be derived from milk IgA (12) . Little intestinal secretions of IgA in mice 49 at weaning could be found, and IgA rose rapidly after weaning and reached a maximum 50 concentration at 10 weeks of age (14) . Thus, the enhancement of mucosal IgA induction is 51 important for maintaining a normal immune system in neonates. 52 Gut-associated lymphoid tissue is the largest immunologic tissue in the body. Peyer's patches 53 are the main site for the generation of IgA + B cells, and plasmablasts differentiated by IgA + B 54 cells home preferentially in the gut lamina propria through the thoracic duct and blood by the 55 expression of homing ligands and receptors (1) (2) (3) . Chemokines are transmembrane proteins that play 56 important roles in innate and acquired immunity (15) (16) (17) , and chemokine ligand CCL25 is selectively 57 expressed in small intestine and its receptor CCR9 is expressed by almost all T cells in small 58 intestine and a fraction of IgA ASC (18) . The interplay of CCL25 and CCR9 is likely to have a 59 significant role in the recruitment of developing thymocytes (19) , and the selective expression of 60 3 CCL25 in the small bowel underlies the homing of CCR9 + intestinal memory T cells to the small 61 bowel (20) . 62 Vitamin A metabolite, all-trans retinoic acid (RA), plays important roles in gut immunity and 63 RA is necessary for the imprinting of gut-homing specificity on T cells and the induction of 64 gut-homing receptors on B cells and IgA ASC (16, 17) . Several effects of carotenoids are thought to 65 be mediated by their metabolism to vitamin A and subsequent mediation of RA receptor (RAR) 66 and retinoid X receptor (RXR) response pathways (7) . RA is a highly potent activator of RAR and 67 RXR and influences the transcription of various retinoid response genes by activation of these 68 receptors (7, 21, 22) . RA regulates the apoptosis of T lymphocytes through interplay between RAR and 69 RXR, but RARα and RARγ induce opposite effects during thymic selection (23) . The expression of 70 RAR and RXR isotypes varies greatly in different tissues, but human lymphocytes express RXRα, 71 RARα and RARγ (3, 24) . Supplemental β-carotene increased mRNA expression of IgA C-region and 72 the number of IgA ASC in ileum of lactating mice, and these effects may be mainly due to the 73 RA-mediated immune response (12) . However, the exact mechanism of β-carotene for enhancing 74 mucosal IgA induction in the intestines of neonates is still unclear, although β-carotene 75 supplementation has been expected to enhance RA-mediated immune response in neonates (12, 13) . 76 We investigated the effect of supplemental β-carotene to weanling mice on IgA 77 concentration, the numbers of IgA ASC and mRNA expression of IgA C-region, CCL25, RXRα, 78 RARα and RARγ in jejunum and ileum of mice. The present study demonstrated that β-carotene 79 supplementation to weanling mice is effective to enhance mucosal IgA induction in jejunum or 80 ileum, because supplemental β-carotene increased IgA concentration, the numbers of IgA ASC 81 and mRNA expression of IgA C-region in jejunum and also the number of IgA ASC in ileum. 82 These effects may be mainly due to the RA-mediated immune response owing to the increased 
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Animals and diets 88 Male weanling ICR mice at 21 days of age (n 44) were purchased from Clea Japan (Tokyo, Japan). Weanling mice were randomly allocated to the control or β-carotene group at 21 days of age. 94 Mice in the control group were fed rodent feed (Oriental Yeast, Tokyo, Japan) for 7 (n 8), 14 (n 8) 95 or 21 (n 6) days, and mice in the β-carotene group were fed 50 mg/kg β-carotene-supplemented 96 rodent feed for 7 (n 8), 14 (n 8) or 21 (n 6) days. The rodent feed contained a vitamin mix and 97 vitamin A concentration was 1283 IU/100g, but β-carotene was not supplemented in the control 98 group. In the β-carotene group, β-carotene was mixed with the rodent feed at 50 mg/kg. All mice 99 were allowed free access to water and feed. Body weights and feed intake of mice were measured 100 at 7.00 hours every day. Semi-quantitative The mRNA expressions of IgA C-region, CCL25, RXRα, RARα and RARγ in the jejunum and 127 ileum were examined by semi-quantitative RT-PCR as previously described (12) . The relative 128 abundance of specific mRNA was normalised by the abundance of glyceraldehyde-3-phosphate 129 dehydrogenase (GAPDH) mRNA. The primer pairs and PCR conditions used for IgA C-region 130 and GAPDH are the same as those in the previous study (12) . The primer pairs for CCL25 were as 131 follows:
forward: 5'-CCTTCAGGTATCTGGAGAGGAGATC-3', reverse: IgA ASC in tissues 171 The numbers of IgA ASC in jejunum of the β-carotene group were significantly higher than those 172 of the control group after 7 (P<0.05), 14 (P<0.001) and 21 (P<0.001) days of treatment ( Fig. 3 ), 173 and those in ileum of the β-carotene group were significantly higher than those of the control intestinal mucosa of mice after weaning is exposed to a wide variety of exogenous antigens due to 196 the sudden change of diet and is likely to increase Ig-secreting cells (14) . Mean faecal IgA 197 concentration in mice at weaning was 3.1μg/g, but faecal IgA increased rapidly until 35 days of 198 age and thereafter remained almost constant (27) . In the present study, however, IgA concentrations 199 and the numbers of IgA ASC in jejunum and ileum of weanling mice increased rapidly with age, transfer from maternal milk to neonates owing to the increase in the numbers of IgA ASC in 210 mammary glands and ileum of maternal mice, but β-carotene supplementation had no effect on 211 the numbers of IgA ASC and mRNA expression of IgA C-region in jejunum (12) . In the 212 previous (12, 13) and present studies, however, β-carotene supplementation had no effect on IgA with polymeric-Ig receptor (pIgR), and the transport of IgA from IgA ASC into intestines was 220 regulated by pIgR (1, 4) . In the murine small intestine, mature isolated lymphoid follicles are 221 inductive sites for the immune response and nodular lymphoid structures are observed in the distal 222 small intestine (29) . On the other hand, supplementation of fructooligosaccharides to mice after 223 weaning was more effective for enhancing IgA levels in jejunum rather than in ileum and colon, 224 and supplemental fructooligosaccharides increased not only IgA but also pIgR expression in ileum 225 and colon (30) . Additionally, coumestrol administration to maternal mice during pregnancy and 226 lactation increased the number of IgA ASC in mammary glands, but had no effect on milk IgA 227 and mRNA expression of pIgR in mammary glands (31) . These results indicate that the increased 228 jejunum IgA of weanling mice may be due to the increase of mRNA expression of IgA C-region 229 and pIgR expression by β-carotene supplementation. 230 Gut-associated lymphoid tissue dendritic cells rely on RA to induce IgA class switching, and 231 RA is essential for the imprinting of gut-homing receptors on T and B cells and contributes to IgA 232 production (16, 17) . CCL25 plays essential roles in intestinal homing of IgA ASC primarily by 233 mediating their extravasation into intestinal lamina propria (18) . RA is important to induce CCR9 increased risk of death from common childhood infections (3, 10) . Supplementation of β-carotene 250 -enriched formulas may improve the immune system of neonates, because β-carotene was not 251 detected in four out of eight brands of formula preparation and plasma β-carotene of formula-fed 252 children was significantly lower than that of breast milk-fed children (6) . However, for children 253 aged 1 to 3 years in the United States, the median vitamin A intake from foods and supplements 254 was 1205μg of retinol activity equivalent/day and exceeded the tolerable upper level of 600μg/day 255 but did not exceed the no-observed-adverse-effect level of 6000μg/day (32) . Further study is needed 256 to clarify the optimal and toxic level of β-carotene in formulas to improve the immune system of 
